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Abstract: Studies to determine the effectiveness of facemasks in preventing influenza have been inconclusive, largely due 
to small sample size. The Hajj pilgrimage, where the incidence of influenza and other respiratory infections is high, pro- 
vides an excellent opportunity to test the effectiveness of facemasks against syndromic and laboratory-confirmed infec- 
tions. Hence, a pilot study was conducted among Australian pilgrims to assess the feasibility of such a large-scale trial in 
the coming years. At the 2011 Hajj, tents were randomised to ‘supervised mask use’ versus ‘no supervised mask use’. Pil- 
grims with ILI symptoms for <3 days were recruited as ‘cases’ and those who slept within 2 meters of them as ‘contacts’. 
Surgical facemasks were provided to cases and contacts in the ‘mask’ tents, but not in the ‘control’ tents. Pilgrims in both 
groups were given diaries to record their respiratory symptoms. Nasal or pharyngeal swabs were collected from the cases 
and contacts with ILI for point-of-care and nucleic acid tests. A total of 22 tents were randomised to ‘mask’ (n=12) or 
‘control’ (n=10). There were 164 pilgrims recruited; 75 in ‘mask’ and 89 in ‘control’ group. Mask use compliance was 
76% in the ‘mask’ group and 12% in the ‘control’ group. Based on developing syndromic ILI, less contacts became symp- 
tomatic in the ‘mask’ tents compared to the ‘control’ tents (31% versus 53%, p= 0.04). However, laboratory results did 
not show any difference between the two groups. This pilot study shows that a large trial to assess the effectiveness of 


facemasks use at Hajj is feasible. 


Keywords: Facemask, Hajj, influenza-like illness, Mecca, pilgrims, respiratory infections. 


INTRODUCTION 


Up to three million pilgrims from all over the world, in- 
cluding about 4000-4500 from Australia, travel to Saudi 
Arabia for Hajj every year. All pilgrims spend five days of 
the Hajj month (called Dulhijjah) in designated places in 
Mecca, specifically Mina, Arafat and Muzdalifa, living in 
pre-determined groups in selected tents, as well as one night 
in the open. About 50-100 pilgrims occupy each large tent, 
allocated by gender and country of origin. The intense 
crowding, reduced access to hygiene and environmental 
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stress facilitates the spread of infections including meningo- 
coccal disease, influenza and pneumonia [1-8]. Influenza- 
like illness (ILI) is the most common medical presentation to 
primary care, and pneumonia is the leading cause of hospital 
admission during Hajj [4-8]. Guidelines on how to minimise 
health hazards at Hajj and other mass gatherings have been 
published annually by the Saudi Arabian Ministry of Health 


[9]. 


A recent study based on observation of photo frames dur- 
ing the 2009 (pandemic year) and 2013 Hajj revealed that 
overall 8.4% and 0.02% pilgrims respectively used face- 
masks [10]. The role of facemasks in the prevention of 
spread of ILI, in Hajj and other settings, is not clear with 
results from previous studies being either conflicting or in- 
conclusive [11-21]. For instance, a randomised controlled 
trial (RCT) found that facemasks used in a household setting 
decreased the risk of ILI [12], while, by contrast, a case- 
control study among health care workers (HCWs) at Hajj 
showed, surprisingly, that intermittent use of facemask was 
associated with a 2.7 fold greater risk of infection. The 
authors attributed this to contamination of facemasks with 
infectious respiratory secretions [22]. Meta-analysis of five 
trials showed that wearing facemasks appears to be protec- 
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tive against ILI, but not against laboratory-confirmed influ- 
enza [23]. These findings accord with those from other sys- 
tematic reviews [11, 13]. The major limitation of previous 
studies was small sample size, lacking the power to detect 
effects of facemasks on laboratory-confirmed influenza or 
other infections [11, 23]. Researchers recommended larger 
trials with sufficient power to have conclusive results [11]. 


Conducting a trial at Hajj pilgrimage offers an excellent 
opportunity to do research in a semi-closed setting. 


We conducted a pilot study during the Hajj in 2011 to 
explore the feasibility of establishing a large-scale trial to 
test the effectiveness of facemasks in preventing respiratory 
virus infections among Hajj pilgrims to better inform policy 
makers, religious jurists and other stakeholders. 


METHODS 


During the 2011 Hajj pilgrimage, we conducted a pilot 
study of a non-blinded cluster randomised trial of ‘super- 
vised mask use’ versus ‘no supervised mask use’ among 
pilgrims who developed symptoms of ILI during the Hajj 
week (4-10 November 2011) in Mina, Saudi Arabia. Partici- 
pants were Australian pilgrims aged > 15 years who attended 
the 2011 Hajj. ILI was defined as subjective (or proven) 
fever plus one respiratory symptom (e.g. dry or productive 
cough, runny nose, sore throat, shortness of breath). Those 
reporting new onset of ILI were designated as ‘cases’. Also 
we enrolled ‘contacts’ i.e. pilgrims who shared the same tent 
and slept in an adjacent bed within 2 meters to ‘cases’ (Fig. 1 
and 2). 


Randomisation and Intervention 


Study brochures were distributed to Australian pilgrims 
in Mosques, Islamic Centres and pre-travel seminars in 
Australia and during their stay in hotels in Mecca, Saudi 
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Arabia before they travelled to their tents in the Mina valley, 
located at the outskirts of Mecca. 


The tent was the randomisation unit, and tents were ran- 
domised to either intervention group (supervised mask tent) 
or control group (no supervised mask tent) by an independ- 
ent study coordinator who was not an investigator. For the 
intervention group, we used a plain surgical facemask (3 M™ 
Standard Tie-On Surgical Mask, Cat No: 1816) manufac- 
tured by 3M company, USA, that we purchased from a 
wholesaler in Saudi Arabia. 


Australian pilgrims who had ILI symptoms for 3 days or 
less were invited to participate as a ‘case’. People who slept 
in an adjacent bed were invited to participate as a ‘contact’. 
Following further verbal explanation, informed consent 
was obtained in writing from all participants. Adults aged 
> 18 years consented for themselves while for children aged 
< 18 years, consent was obtained from their parent or legal 
guardian. 


For intervention tent groups, masks were provided to 
both index cases and their contacts. Advice on mask use was 
given throughout their stay in Mina: before prayers, in semi- 
nars and after meals. Written instructions were provided on 
how to use facemasks, when to change them and when (i.e. if 
damp or damaged) and where (a special polythene bag) to 
discard used masks. 


Pilgrims allocated to control tents were not provided with 
facemasks but general information on hygiene was given to 
them. Participants in both tent groups were provided with 
diaries to write down any new or continuing symptoms over 
the 5 day study period. 


Participants were examined by Muslim doctors at Hajj 
with support from trained research nurses and public health 
staff. 
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Fig. (1). Schematic representation of ‘cases’ (light grey) and ‘contacts’ (dark grey) in a tent of Australian Hajj pilgrims in 2011. 
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Fig. (2). Flow diagram showing recruitment of participants during Hajj in 2011. 


Because advice from the Saudi Ministry of Hajj to all 
pilgrims included recommending the wearing of masks, all 
pilgrims, both cases and controls, were asked about mask 
wearing [24]. 


Two nasal swabs, one from each nostril, were taken from 
each case of ILI by trained collectors at the time of recruit- 
ment and from all symptomatic contacts within 2-3 days of 
symptom onset. One swab was used for influenza point of 
care testing (POCT) using the QuickVue Influenza (A+B) 
assay (Quidel Corporation, San Diego, USA), and the other 
was immersed in universal viral transport media for later 
nucleic acid testing (NAT) [25]. The latter was stored within 
6-8 hours in a cooler box at 4°C temperature then transported 
by the end of the day to the microbiology laboratory of the 
Custodian of the two Holy Mosques Institute for Hajj and 
Umrah Research, Mecca. After the Hajj season, all samples 
were shipped to the Centre for Infectious Disease and 
Microbiology Laboratory Services, Westmead Hospital, 
Sydney, Australia. Participants showing positive result for 
influenza by POCT were offered oseltamivir if the duration 
of illness was less than 3 days. 


Follow Up 


Subjects reporting ILI symptoms and their close tent con- 
tacts were followed for up to 5 days from the date of re- 
cruitment into the study using their diary and text mes- 
sage/telephonic reminders. They were reminded by phone 
and/or email to return their completed diaries after Hajj with 
clear information on the progress of their ILI. Any outstand- 
ing queries were thereby resolved. 


Measuring Instruments 


The outcomes of the trial were measured using a) ques- 
tionnaires, b) symptom diaries, and c) results of testing on 
nasal swabs. The latter was based on both POCT by Quick- 
Vue A+B Influenza test and NAT for influenza and other 
respiratory viruses. Analysis of ILI symptom reports in ques- 


tionnaires and diaries and presence of test-confirmed influ- 
enza or other viruses allowed comparison of ‘intervention’ 
and ‘control’ groups to assess the effectiveness of mask use. 


Data Analysis and Interpretation 


Data were compiled into a Microsoft Excel 2010 spread 
sheet. Analysis was performed using the Statistical Package 
for the Social Sciences (SPSS® 19, Chicago, IL, USA). Data 
were analysed descriptively. Categorical variables were 
compared by using the Chi-square test and continuous data 
by the Student’s t test. A p value of <0.05 was considered 
statistically significant. 


Ethics Approval 


The study was approved by the Institutional Review 
Board of King Fahd Medical City, Ministry of Health, Ri- 
yadh, Saudi Arabia (Ref: KACST: H-01-R-012) and by the 
Human Research Ethics Committee (HREC) at Sydney Chil- 
dren’s Hospital Network, Australia (Ref: 11/SCHN/162). In 
addition, this study has been registered at the Australian New 


Zealand Clinical Trials Registry (ANZCTR) 
ACTRN12613001007729. 
RESULTS 


Twenty two tents were randomly selected from the Aus- 
tralian pilgrims camped in Mina, during Hajj in 2011; 12 
tents were allocated to the ‘mask’ group and 10 tents to the 
‘control’ group. A total of 164 pilgrims were recruited; 75 in 
the ‘mask’ group (39 ‘cases’ and 36 ‘contacts’), and 89 in 
the ‘control’ group (36 ‘cases’ and 53 ‘contacts’). All pil- 
grims in both groups were followed up during the peak pe- 
riod of the 2011 Hajj (Fig. 2). 


Participants were cooperative; all but one pilgrim re- 
turned their diaries and no one dropped out or were excluded 
from the study. However we faced some logistic challenges: 
for instance, there was a delay in realeasing POCT kits from 
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customs which was ultimately resolved by revised documen- 
tation. Demographic data are presented in Table 1. There 
were significant differences in gender (more males in ‘con- 
trol’ group) and ethnicities (more Middle eastern pilgrims in 
‘mask’ group) between the groups. 


Compliance with facemask use by pilgrims in the ‘mask’ 
group was 56 of 75 (76%), while it was 11 of 89 (12%) in 
the ‘control’ group (p<0.001). The proportion of facemask 
user in the ‘mask’ tents was 76% for both males (19/25) and 
females (38/50). The most often reported reason for not 
wearing facemasks was discomfort (15%). 


The duration of mask use varied among pilgrims in 
‘mask’ tents. Pilgrims who used facemasks for > 8 hours per 
day experienced a lower rate of ILI than those who used 
them for < 8 hours (Table 2). Only 10 of 75 (13%) pilgrims 
in ‘mask’ tents wore facemasks during sleep. 

The most common respiratory symptoms reported were 
cough (n= 76), sore throat (n= 57) and runny nose (n= 38). 
Other symptoms are shown in Fig. 3. Thirty one percent 
(11/36) of contacts in ‘mask’ tents compared with 53% 
(28/53) contacts in ‘control’ tents reported ILI consistent 
with our case definition (p= 0.04). 


Table 1. 


Categories 


Number of participants 
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By POCT, two samples were positive for influenza. Both 
were negative for influenza, though one was positive for 
rhinovirus by NAT. 


Of the 80 swabs, collected, NAT showed that 18 index 
cases in the ‘mask’ tents had viral infections (14 rhinovirus, 
3 influenza [2 A and 1 B] and 1 parainfluenza virus 3) and 
23 index cases in ‘control’ tents (18 rhinovirus, 3 influenza 
[2 A and 1 B], 1 enterovirus and 1 dual infection of rhinovi- 
rus and influenza A). However, only 4 contacts in the ‘mask’ 
group had NAT-confirmed viral infections (3 rhinoviruses 
and 1 dual infection of rhinovirus and influenza B) compared 
with only 2 in ‘control’ group, both rhinoviruses (Table 3). 


DISCUSSION 


This pilot study showed that a trial to assess the effec- 
tiveness of facemasks against respiratory viral infections is 
feasible and can be conducted during Hajj pilgrimage. Al- 
though pilgrims were busy with their Hajj rituals and 
prayers, they were both cooperative and motivated to partici- 
pate in such a trial. The facemask compliance among Austra- 
lian pilgrims in the ‘mask’ group of 76% was much higher 
than that reported for pilgrims in general during the influ- 


Demography of 164 Australian Hajj pilgrims in 2011 by study group. 


Control 


75 89 





Median age in years (range) 


48 (19-80) 


41.6 (17-72) 





Gender 


Male: female 


25:50 46:43 





At risk (265 or had chronic disease) 


20 (27%) 


16 (18%) 





Smoker 


12 (16%) 


7 (8%) 





Ethnicity 

South and South East Asian 

Middle eastern (including Lebanese) 
Others 


26 (35%) 
29 (38%) 
20 (27%) 


36 (40%) 
12 (14%) 
41 (46%) 





Some or all of roommate had ILI 


51 (68%) 


52 (58.4%) 








‘Contacts’ developed ILI symptoms 


Table 2. 


11/36 (31%) 











28/53 (53%) 


The relationship between duration of using facemasks and developing symptoms of influenza-like illness (ILI) among 


‘contacts’ at ‘mask’ tents of Australian Hajj pilgrims in 2011 (n= 36)*. 











Duration of mask wearing by hours Had ILI symptoms No ILI symptoms P value 
No mask 5/35 (14.3%) 2/35 (5.7%) 0.2 
<4 7/35 (20%) 4/35 (11.4%) 0.3 
5-8 3/35 (8.6%) 5/35 (14.3%) 0.4 
>8 1/35 (2.9%) 8/35 (22.9%) 0.01 














*] pilgrim did not return his diary. 
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Fig. (3). Clinical symptoms developed by Australian Hajj pilgrims during Hajj in 2011 (n= 164). 


Table 3. Virology results of Australian pilgrims who developed respiratory symptoms and swabbed during Hajj in 2011 (n= 80). 


Virology results 


‘Index cases’: 

Rhinovirus 

Influenza A 

Influenza B 

Dual infection (rhino & influenza A) 
Parainfluenza 3 


Enterovirus 


Mask group 


n= 39 
14 (36%) 
2 (5%) 
1 (3%) 
1 (3%) 


Control group P value 


n= 35 
18 (51%) 
2 (6%) 
1 (3%) 
1 (3%) 


18%) 





‘Contacts’: 


Rhinovirus 


Influenza 


Dual infection (rhino & influenza B) 


Parainfluenza 


Enterovirus 





n=4 
3 (75%) 
1 (25%) 





influenza pandemic year 2009 (8%) and in 2013 (0.02%) as 
assessed in a photographic frame study [10]. This implies 
that pilgrims would comply with mask use if clearly recom- 
mended and the purpose explained. Additionally, 12% pil- 
grims in the ‘control’ group used facemasks, which is similar 
to the baseline rate of mask use in 2009 but higher than that 
of 2013 [10]. 


Facemask use reported by Hajj pilgrims varies by study 
years and the country of origin of the pilgrims. For instance, 
56% Saudi Arabian, 42% US, and 79% French pilgrims used 
facemasks in 2009 while 73% Malaysian pilgrims used them 
in 2007 [26-29]. Similar variation was observed across five 
countries in four continents in a large-scale polling study 


n=2 
2 (100%) 








conducted among nationally representative sample of adults 
during the 2009 pandemic year [30]. 


Although the sample size of this pilot study was small, it 
indicated that wearing facemasks appeared to be protective 
against syndromic ILI when compared to controls (31% versus 
53%, p= 0.04). This concurs with most other studies as well 
as the meta-analysis conducted by Rashid et al. [12-16, 23]. 


In our study, we measured the pilgrims’ daily compliance 
with facemasks by quantified duration of use. Previous ran- 
domised controlled trials that assessed the effectiveness of 
facemasks in preventing ILI in households used less quanti- 


tative descriptive terms such as, “always”, “mostly”, “some- 
times” or “never” to indicate the duration of facemask use 
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[12-21]. However, Canini and colleagues attempted to evalu- 
ate the relationship between the duration of facemask use 
and protection against ILI among households in France dur- 
ing the 2008-2009 influenza season but omitted secondary 
ILIs among households [17]. Our study has demonstrated a 
positive association between the duration of facemask use 
and protection against ILI. For instance, only 3% of pilgrims 
who used facemasks for more than eight hours developed ILI 
while 43% of those who used masks for eight hours or less 
reported ILI (p< 0.001). Although the distribution of gender 
and ethnicity was different for ‘mask’ and ‘control’ groups, 
the effect of facemask in reducing the transmission of ILI 
was similar across the genders and ethnicities. As in previous 
studies, the main reason given for not wearing facemasks 
was discomfort, especially at night during sleep. 


In this study, almost half (46%) of the participants com- 
plained of cough, about a third (35%) of sore throat and 
about one fourth (24%) reported rhinorrhoea or fever. These 
are similar to the frequency of respiratory symptoms in 
French pilgrims during Hajj 2009: 48.5% complained of 
cough, 36.1% sore throat and 23.7% had rhinorrhoea [28]. 
Cough was also the commonest symptom among Malaysian 
Hajj pilgrims in 2007, but it was higher than in our study 
(91.5% versus 46%) [29]. 


The point-prevalence of ILI among ‘contacts’ in our 
study was 44% (39/89), most of them from ‘control’ tents 
(28 out of 39). This prevalence of ILI was higher than among 
Australian pilgrims during subsequent Hajj seasons 2012 
(9%) [31] and 2013 (11%) [Dr Barasheed, Sydney, personal 
communication] but nearly similar to that of the Malaysian 
pilgrims in 2007 (40%) [29] and French pilgrims during the 
Hajj 2013 (47%) as well as 2012 (41%) [28, 32, 33]. However, 
it was lower than the Malaysians in 2013 (86%) [Dr Habsah 
Hasan, Kelantan, Malaysia, personal communication on 12" 
May 2014]. These differences might be explained by varying 
methodology and sample size or demographic differences 
such as age, the prevalence of underlying chronic diseases, 
and/or seasonal and geographic variations in respiratory vi- 
rus circulation. Australian pilgrims’ tents are usually smaller 
and less crowded than for pilgrims from other countries, 
which might reduce transmission of ILI. 


Although nasal swabs for laboratory-confirmation were 
few and inconclusive, they indicated that rhinoviruses were 
the commonest virus detected, consistent with previous find- 
ings at Hajj [6, 34-36]. 


We believe that this study was the first randomised con- 
trolled trial of a preventive intervention among Hajj pilgrims 
in which, for the five peak Hajj days, pilgrims were closely 
followed and monitored by a trained medical team. How- 
ever, this was a pilot study with small sample, which has 
shown the feasibility of a future full-scale study but yielded 
no conclusive findings. 


In summary, this pilot study shows that a trial to assess 
the effectiveness of facemasks during a mass gathering such 
as Hajj is warranted and now being undertaken. Although we 
faced logistic challenges, these can be reduced by effective 
collaboration and early preparation. We liaised with collabo- 
rators from a number of countries, secured a competitive 
research grant from Qatar National Research Fund (QNRF) 
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and commenced our definitive trial in 2013. Its findings 
should provide the evidence needed. 
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